African American cigarette smokers have lower rates of cessation than Whites and live in communities with a higher number of tobacco advertisements. Exposure to smoking cues may promote smoking and undermine cessation. It may be possible to reduce attention to smoking cues ("attentional bias"). In this study, we investigated the effect of attentional retraining (AR) on attentional bias and smoking in African American smokers. Nontreatment-seeking African American smokers (N ϭ 64) were randomly assigned to an AR or control condition. Participants were given a mobile device for 2 weeks and prompted to complete up to 3 AR (or control) trainings per day. Participants completed assessments of attentional bias, craving, and smoking both in the lab and in the field. Participants in the AR and control conditions completed an average of 29.07 AR (SD ϭ 12.48) and 30.61 control training tasks (SD ϭ 13.07), respectively. AR reduced attentional bias assessed in the laboratory, F(1, 126) ϭ 9.20, p ϭ .003, and field, F(1, 374) ϭ 6.18, p ϭ .01. This effect generalized to new stimuli, but not to new tasks. AR did not significantly reduce craving or biological measures of smoking. Smoking assessed on the mobile device declined over days in the AR group, F(1, 26) ϭ 10.95, p ϭ .003, but not in the control group, F(1, 27) ϭ 0.02, p ϭ .89. Two weeks of AR administered on a mobile device reduced attentional bias in African American smokers and had mixed effects on smoking.
that many African Americans live in communities with a disproportionately high density of tobacco advertisements compared to Whites (Lee et al., 2015; Widome, Brock, Noble, & Forster, 2013) . Tobacco companies have a history of targeting advertisements to African American smokers (Anderson, 2011) . Research indicates that point-of-sale advertising is associated with unplanned purchases of cigarettes, craving, and smoking (Clattenburg, Elf, & Apelberg, 2013; Hoek, Gifford, Pirikahu, Thomson, & Edwards, 2010; Wakefield, Germain, & Henriksen, 2008) .
A related psychological factor is attentional bias to smoking cues. Attentional bias is an automatic cognitive process in which a smoker attends to a smoking-related cue without making the conscious decision to attend to the cue (Field & Cox, 2008) . Attentional bias can be assessed with reaction time (RT) tasks, self-report measures, and eye-movement measures (Leventhal, Waters, Moolchan, Heishman, & Pickworth, 2010; Mogg, Bradley, Field, & De Houwer, 2003; Posner & Petersen, 1990) . Theoretically, attentional bias is thought to capture the incentive salience of drug-related cues, which becomes sensitized in some individuals (T. E. Robinson & Berridge, 1993) . Drug use is maintained by the ability of conditioned stimuli (i.e., drug cues) to trigger motivation for drugs (T. E. Robinson & Berridge, 1993) . Empirically, some research indicates that attentional bias to smoking cues is associated with craving and relapse (Field, Duka, Tyler, & Schoenmakers, 2009; Janes et al., 2010; Powell, Dawkins, West, Powell, & Pickering, 2010; Waters et al., 2003) , although data are inconsistent (Woud, Maas, Wiers, Becker, & Rinck, 2016) .
Few studies have assessed attentional bias among predominately African American samples. However, a recent article included two laboratory experiments that examined differences in attentional bias among African Americans and Whites during smoking and abstinent conditions. In Study 1, 104 African American and 99 White nontreatment-seeking smokers completed the Subjective Attentional Bias Questionnaire (SABQ, a self-report measure of attention to cues) and the Smoking Stroop task (a RT measure of attentional bias to smoking cues). In Study 2, 74 African American and 110 White treatment-seeking smokers completed these assessments and attempted to quit. In both studies, African Americans had greater self-reported attentional bias as assessed by the SABQ but there was no between race difference by condition (i.e., abstinent vs. smoking conditions). In Study 2, the between race difference in smoking cessation was partially mediated by self-reported attentional bias (C. D. Robinson et al., 2015) . There is also evidence that African Americans have enhanced brain activation compared to Whites in response to smoking versus neutral cues in the medial prefrontal cortex, and right lateral orbitofrontal cortex (Okuyemi et al., 2006) .
In summary, both a cue-rich environment and attentional bias may increase the frequency at which a smoker looks at and attends to ("exposure" to) a smoking cue thereby promoting relapse/use. African American smokers may, therefore, have greater difficulty quitting in part because (a) some African Americans live in environments rich in tobacco cues, (b) some African Americans have an attentional bias to smoking cues, or (c) both. While it is difficult to modify the environment, it may be possible to reduce exposure to smoking cues. Attentional retraining (AR) refers to the use of modified cognitive tasks to change attentional bias (Hakamata et al., 2010) and is most often conducted using a modified visual probe (VP) task. Through training on a modified VP task, participants implicitly learn to attend away from motivationally salient stimuli (e.g., drug-related stimuli) and toward neutral stimuli. Researchers have theorized that through AR participants develop an implicit production rule, which specifies that if salient (e.g., smoking) and neutral stimuli are present in the environment then attention should shift to the neutral stimulus (Mathews & MacLeod, 2002) . Some meta-analyses reveal that AR can reduce attentional bias and symptoms across a range of psychopathologies (Beard, Sawyer, & Hofmann, 2012; Hallion & Ruscio, 2011) while other meta-analyses indicate that AR may not consistently improve psychopathology symptoms (Cristea, Kok, & Cuijpers, 2015 .
AR has also been applied to addiction (Beard et al., 2012) , including nicotine addiction (Attwood, O'Sullivan, Leonards, Mackintosh, & Munafò, 2008; Field et al., 2009; Field & Eastwood, 2005; Mogoaşe, David, & Koster, 2014; Schoenmakers, Wiers, Jones, Bruce, & Jansen, 2007; Schoenmakers et al., 2010) . There is currently little evidence that AR reduces smoking (e.g., Attwood, O'Sullivan, Leonards, Mackintosh, & Munafò, 2008; Begh et al., 2015; Cristea et al., 2016; Kerst & Waters, 2014) . However, a recent study using six Web-based sessions of AR indicated that AR increased abstinence in a subsample of heavy smokers (Elfeddali, de Vries, Bolman, Pronk, & Wiers, 2016) . Therefore, delivering multiple sessions of AR may be a promising method for delivering AR (Elfeddali et al., 2016; Kerst & Waters, 2014; Lopes, Pires, & Bizarro, 2014) .
Recently, mobile devices have been used to deliver AR in a natural setting (Enock, Hofmann, & McNally, 2014; Kerst & Waters, 2014) . This approach may be beneficial because more "doses" of AR may lead to greater reductions, or more sustained reductions, in attentional bias. Kerst and Waters (2014) demonstrated that AR could be delivered for 1 week to smokers in the natural environment (Kerst & Waters, 2014) .
Therefore, this study investigated the effect of AR delivered by a mobile device in a sample of nontreatment-seeking African American smokers. This is the first study to examine AR in African American smokers. Prior to studying the effect of AR on cessation, it is important to determine if AR administered on mobile devices can reduce attentional bias in African American smokers. We proposed that AR would reduce attentional bias, and therefore exposure to smoking cues. We hypothesized that, compared to the control group, the AR group would (a) exhibit a significantly lower (more negative) attentional bias, (b) report lower craving, and (c) report less smoking.
Method Participants
Sixty-four nontreatment-seeking adult African American smokers were recruited from the Washington, DC, area (see the online supplemental materials for a CONSORT flow diagram showing information about recruitment). Participants were eligible if they were ages 18 -65 years; self-identified as African American; reported smoking 5 to 10 cigarettes/day ("light" smokers), or 11ϩ cigarettes/day ("moderate-to-heavy" smokers) for the past year; had a home address and telephone number; could speak and read in English; and specified English as their first language. Exclusion criteria were regular use of tobacco products other than cigarettes; use of bupropion, varenicline, or nicotine replacement products; currently trying to quit smoking; another household member enrolled in the study; color vision deficiency; breath carbon monoxide (CO) Ͻ8 parts per million (ppm) for light and Ͻ10 ppm for moderate-to-heavy smokers; and pregnant or breastfeeding. Inclusion and exclusion criteria were assessed during the phone screening and the baseline visit. The study was approved by the institutional review board of the Uniformed Services University of the Health Sciences.
Procedure
Eligible participants attended a baseline visit (Visit 1) where research staff provided a description of the study, answered questions, confirmed eligibility, and obtained written informed consent (see the supplemental materials). Eligible participants performed cognitive assessments, completed self-report measures, provided breath and saliva samples, and received training on using a personal digital assistant (PDA). Participants were asked to record the number of cigarettes they smoked in a smoking diary. Participants were told that they could "smoke as much or as little as they liked" throughout the study.
Participants were instructed to carry a PDA with them for 2 weeks in the "field" (i.e., as they went about their daily life). Participants were prompted to complete four PDA field "assessments" (interactions with the PDA) per day which included the three AR tasks (AR subjects), three control tasks (control subjects), and one assessment task (all subjects), which included a VP assessment (described later). Using the selected wake-up time and bed time on a given day, the program divided the day into four equal "periods." A random assessment (RA) was scheduled at a random time during each period. Participants completed RAs and participant-initiated assessments. For RAs the participants were alerted at random times by the PDA to complete the tasks. Participants were permitted to complete a participant-initiated assessment if they missed an RA. Of the assessments completed by the AR group, 74.98% were RAs and 25.02% were participant initiated; for controls, 74.56% were RAs and 25.44% were participant initiated. The median interval between completed PDA assessments was 3.67 hr. Participants also completed an eye-tracking assessment that is not reported in this article.
Participants attended two weekly follow-up visits in the laboratory (Visits 2 and 3). These visits occurred during the 2-week period that the participants carried the PDA in the field. Cognitive, self-report, and biological assessments were readministered at these visits (supplemental materials, Table S1 ). Participants were compensated $20 for each visit, $3 for each day in the study, and $1 for each completed RA. No compensation was provided for participant-initiated assessments.
Randomization
Participants were randomized into the AR or control group, stratified by gender and reported level of smoking at telephone screening (light ϭ 5-10 cigarettes per day; moderate to heavy ϭ 11ϩ cigarettes per day). Participants and research assistants were blinded to group assignment; in a posttreatment questionnaire, 65.4% of AR participants and 77.3% of control participants reported that they believed they were in the active (AR) group.
Measures
At baseline, participants completed an author-constructed demographics questionnaire. The Fagerström Test for Nicotine Dependence (FTND) was used to assess nicotine dependence at the baseline session (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991) . The FTND is a widely used measure in general and in studies with African American smokers (Ahluwalia, Harris, Catley, Okuyemi, & Mayo, 2002; de Meneses-Gaya, Zuardi, Loureiro, & de Souza Crippa, 2009; Okuyemi et al., 2003) . In this sample, Cronbach's alpha is .60, which is consistent with prior research (Okuyemi et al., 2007) .
Attentional Bias
Attentional bias was assessed using the standard visual probe (VP) task. In a VP task, a series of picture pairs (one motivationally salient and the other neutral) are presented relatively briefly (500 ms) on a computer screen, with one picture on the left and the other on the right. When the pair disappears, a probe is presented in a position formerly occupied by one of the pictures. Participants are required to indicate the location of the probe as quickly and accurately as possible. Typically, individuals are faster to respond to probes that replace motivationally salient (vs. neutral) stimuli because attention has shifted toward the salient stimuli. AR has been shown to reduce attentional bias in addiction using a stimulus duration of 500 ms (Schoenmakers et al., 2010) .
Each field assessment included 80 trials; on 40 trials the probe replaced the smoking picture, and on 40 trials it replaced the neutral picture. In addition, in each laboratory assessment smoking stimuli were included on the VP task on which the participant had not received training ("new" pictures). This allowed an examination of whether the effect of AR generalizes to new (untrained) stimuli. In the field, one assessment per week involved new pictures. After the VP task, an item assessed how many times the participant was interrupted while performing the task (no times, one time, two times, three times, four or more times).
To determine whether an effect of AR can be observed on a different attentional bias task, the Smoking Stroop (SS) task was used (Waters et al., 2003) . In the SS task, 33 trials of smoking words and 33 trials of neutral words were administered at each laboratory visit on a PDA. Participants were told that a series of words would be presented on the screen, one after the other, and that the task was to indicate the color of the word as quickly and as accurately as possible. They were told that they could ignore the meaning of the words; they were just required to respond to the colors. In the current study, the estimated internal reliability for the smoking Stroop effect calculated using split-half reliability (even vs. odd trials, using Spearman-Brown formula) was as follows: Visit 1, r ϭ .73; Visit 2, r ϭ .54; and Visit 3, r ϭ .80 (average r ϭ .69).
Self-reported attentional bias was assessed with the SABQ, an eight-item questionnaire that assesses the extent to which participants notice that their attention is captured by cigarettes and smoking cues (Leventhal et al., 2007; C. D. Robinson et al., 2015) . In the current sample, Cronbach's alpha for the SABQ was as follows: Visit 1, ␣ ϭ .90; Visit 2, ␣ ϭ .88; and Visit 3, ␣ ϭ .91.
Self-reported attentional bias was assessed on the PDA at each assessment using a single-item: "Since the last assessment, my attention has often been drawn to cigarettes" (1 ϭ strongly dis-agree, 7 ϭ strongly agree). Ratings on this item have been shown to be associated with attentional bias on the modified Stroop task . During each PDA field assessment, participants were asked about their exposure to tobacco advertisements since the last assessment (five response options: 1 ϭ no advertisements seen; 2 ϭ one advertisement seen; 3 ϭ two advertisements seen; 4 ϭ three advertisements seen; 5 ϭ four or more advertisements seen).
Craving
The 10-item Brief Questionnaire of Smoking Urges (QSU) assessed craving for cigarettes in the laboratory (Cox, Tiffany, & Christen, 2001 ). This widely used measure is frequently used in studies with African Americans and has been validated with African American light smokers (Clausius et al., 2012) . In the current sample, Cronbach's alpha was as follows: Visit 1, ␣ ϭ .91; Visit 2, ␣ ϭ .92; and Visit 3, ␣ ϭ .94.
On the PDA, craving for cigarettes was assessed on a 7-point scale (1 ϭ no craving, 7 ϭ extreme craving) at each PDA assessment. A second craving item was used (Kerst & Waters, 2014) to assess craving in response to smoking and neutral cues. A picture with both smoking and nonsmoking content was presented for 1 s. Participants subsequently reported their craving (1-7 scale). If AR causes attention to be drawn to neutral stimuli in the picture (as predicted), then "exposure" to the smoking content should be reduced and there should be reduced craving on this item. Other research has also shown that cue-provoked craving can be assessed using photographic images on a PDA (Wray, Godleski, & Tiffany, 2011) .
Cigarette Smoking
Participants entered the number of cigarettes smoked each day on a paper-and-pencil smoking diary which they handed to the researcher at Visits 2 and 3. Furthermore, smoking was assessed on the PDA using the following item: "Since the last assessment, how many cigarettes have you smoked?" (response options: 1 ϭ none; 2 ϭ one cigarette; 3 ϭ two cigarettes; 4 ϭ three cigarettes; 5 ϭ four or more cigarettes) (see supplemental materials, PDA Smoking item).
Smoking was also assessed with salivary cotinine (Ossip-Klein et al., 1986) . Exhaled carbon monoxide levels were measured with a CO monitor (Bedfont Micro Smokerlyzer).
At Visit 1, if the CO monitor indicated that a participant's expired CO level was low (Ͻ8 ppm for light smokers, Ͻ10 ppm for moderate-to-heavy smokers) , he or she was excluded because there is serious doubt as to whether the individual actually smokes at his or her stated rate (Benowitz et al., 2002) .
Intervention
Participants were scheduled to complete three AR or control tasks per day. On AR tasks, the probe always replaced the neutral picture (100% replacement). There is a perfect association between picture type and probe location. As noted above, participants also received a daily (briefer) assessment in which the probe replaced the smoking and neutral picture with equal frequency. The use of 100% replacement on AR tasks was used to minimize the impact of assessment on AR. Furthermore, this approach (100% replacement) is consistent with other AR smoking studies (e.g., Begh et al., 2015; Elfeddali et al., 2016; Kerst & Waters, 2014) .
On control tasks, the probe was equally likely to replace the smoking picture and the neutral picture (50% replacement). There was no association between picture type and probe location. This control condition has been used previously (e.g., Field et al., 2009; Kerst & Waters, 2014) . Note that the duration of AR and control training should be similar. In addition, AR and control participants receive equal practice on the VP tasks, and they are exposed to the same pictures (smoking and neutral). Each AR and control task had 160 trials. We created stimuli for the AR and control tasks and included images of African Americans exclusively.
Mobile Device Hardware and Software
The Hewlett-Packard IPAQ Personal Digital Assistant runs on the Windows Mobile Operating system. Application programming was done in C#.NET. Participants used the touchscreen to enter responses.
Stimuli
We created pictures for the AR/control intervention and selected the VP task from pictures stored on Flicker and pictures that we created. The pictures included images of African Americans holding cigarettes, pictures of menthol cigarette packages, and brands frequently consumed by African Americans such as Newport (Anderson, 2011; Glasser et al., 2016) . We also included pictures of cigarette-related stimuli including lighters and ashtrays. Permission was obtained from the photographers and a photography credits sheet was provided to participants. Pictures were assessed by two independent raters. The raters judged valence, noticeability of smoking stimulus (if present), and suitability for the current study (on a scale of 1-7). Based on ratings, we selected 160 smoking pictures and 160 neutral pictures (see the supplemental materials, Stimuli, for more detail). 
Analytic Plan
Reaction time data processing including exclusions of data are described in the supplemental materials. Median RTs (on correct responses) were used to reduce the influence of outliers. Attentional bias was computed as the difference in median RTs to respond to probes that replaced smoking and neutral pictures. A positive attentional bias score means faster responses to probes that replaced smoking pictures than probes that replaced neutral pictures, meaning that attention has shifted toward the smoking picture. A negative attentional bias score indicates faster responses to probes that replaced neutral pictures than probes that replaced smoking pictures, meaning that attention has shifted away from the smoking picture or avoidance.
Linear mixed models (LMM) (PROC MIXED in SAS) (Littell, Stroup, Milliken, Wolfinger, & Schabenberger, 2006) were used for analyses. LMMs allow for the fact that subjects differ in the number of observations available for analysis, and take into account the clustering of data by subjects. All tests were two tailed, and alpha was set to .05.
To analyze field data, we entered day in the study (a withinsubject continuous variable) as a continuous variable, along with group (AR vs. control). The Group ϫ Day interaction term was also tested. A random (subject-specific) intercept and an autoregressive model of Order 1 for the residuals within subjects was used. The within-subject variable, day, was treated as a random effect in the model if the p value for the covariance parameter estimate (for day) was less than 0.1 (Fitzmaurice, Laird, & Ware, 2012) . Time of day (continuous variable) and assessment type (RAs vs. participant initiated) were included as covariates.
To analyze laboratory data, we also used LMMs, with one between-subjects factor (Group: two levels) and one withinsubject factor (Visit) with two levels (Visit 2 vs. Visit 3) included in all models. The Group ϫ Visit interaction term was also tested.
For field and laboratory data, each dependent variable was tested in a separate model, and baseline (i.e., preintervention) measures of these variables were included as a covariate in the respective analyses. For attentional bias data, picture type (old vs. new) was included as an additional independent variable.
Results
AR and control participants did not differ by age, sex, SABQ, QSU, FTND, cigarettes per day, age of smoking initiation, or lifetime quit attempts (see Table 1 ). Completion was defined as providing data at Visit 3. Completers (vs. noncompleters) did not differ by age, sex, SABQ, cigarettes per day, age of smoking initiation, or lifetime quit attempts (all ps Ͼ .19). Group (AR vs. control) was not associated with completion, 2 (1) ϭ 1.31, p ϭ .25. The sample was generally of low socioeconomic status. The majority of participants (50.82%) reported an income of less than $10,000 per year and that they were unemployed or unable to work (64%). Average years of education completed was 12 years (high school). Summary statistics for lab-and field-dependent variables are presented in Table 2 . Participants who provided field data (n ϭ 56) completed at least one item from 2,419 trainings/assessments, and completed (in their entirety) 2,211 (91.40%) of these trainings/ assessments (AR group ϭ 92.46%, control group ϭ 90.42%). Time of day of completion of trainings/assessments was similar for AR (before 12:00 p.m. ϭ 28.36%; 12:00 to 4:00 p.m. ϭ 27.53%; 4:00 to 8:00 p.m. ϭ 26.97%; and after 8:00 p.m. ϭ 17.15%) and control groups (before 12:00 p.m. ϭ 22.7%; 12:00 to 4:00 p.m. ϭ 30.65%; 4:00 to 8 p.m. ϭ 30.21%; and after 8:00 p.m. ϭ 16.43%).
Completion of Trainings
Participants were scheduled to complete 42 trainings and 14 assessments. AR and control participants (n ϭ 28, respectively) completed a mean of 29.07 (SD ϭ 12.48) and 30.61 training tasks (SD ϭ 13.07), respectively, F(1, 54) ϭ 0.20, p ϭ .65, and a mean of 9.46 (SD ϭ 4.53) and 9.82 assessment tasks (SD ϭ 4.57), respectively, F(1, 54) ϭ 0.09, p ϭ .77. Mean duration of completed trainings was 10.58 min (SD ϭ 0.90) and 6.25 min (SD ϭ 0.68) for completed assessments (AR group), and 10.68 min (SD ϭ 0.82) and 7.44 min (SD ϭ 1.98) for completed assessments (control group).
Effect of AR on Attentional Bias
LMMs on laboratory and field data revealed a significant main effect of group (Table 3, Figure 1 ). Attentional bias was 19.24 ms lower in the AR group (vs. control) in the laboratory, and 24.06 ms lower in the field. There was no evidence that the effect of group was greater in old (vs. new) pictures (no Group ϫ Picture Type interaction) either in the laboratory, F(1, 125) ϭ 1.46, p ϭ .23, or in the field, F(1, 372) ϭ 0.22, p ϭ .64.
An attentional bias score can also be computed on control trainings, because on control trainings the probe is equally likely to replace smoking and neutral pictures. (Attentional bias scores cannot be computed on AR trainings because the probe never replaces smoking pictures.) Control participants exhibited a significant attentional bias (attentional bias significantly different from 0) on assessments (parameter error [PE] ϭ 14.88, SE ϭ 6.85, p ϭ .039), which was not significantly different (p ϭ .18) from attentional bias assessed at control trainings (PE ϭ 7.31, SE ϭ 3.34, p ϭ .037). In summary, in the field, control participants exhibited a significant (positive) attentional bias at both assessments and trainings. In contrast, at assessments, AR participants exhibited a (nonsignificant) negative attentional bias (PE ϭ Ϫ8.80, SE ϭ 7.10, p ϭ .22). At Visit 3 only, AR participants did exhibit significant avoidance (p ϭ .03). There were no significant effects involving group for Stroop (laboratory), SABQ (laboratory), self-reported attentional bias (field), or self-reported exposure to advertisements (field) (see Table 3 ).
Effect of AR on Craving
There were no significant effects involving Group for QSU (laboratory), craving (field), or cued craving (field) (see Table 3 ).
Effect of AR on Smoking
There were no significant effects involving group for CO and cotinine levels (laboratory) or reported cigarettes smoked in the diary (see Table 3 ).
LMM analyses on cigarettes smoked revealed a significant Group ϫ Day interaction (see Table 3 ) (see the supplemental materials for additional analyses). Smoking rate declined over days in the AR group (PE ϭ Ϫ0.04, SE ϭ 0.01), F(1, 26) ϭ 10.95, p ϭ .003, but not the control group (PE ϭ 0.00, SE ϭ 0.02), F(1, 27) ϭ 0.02, p ϭ .89.
Discussion
The main findings were as follows. First, AR (vs. control) significantly reduced attentional bias to smoking cues on the VP task in the laboratory and field. The effect of AR generalized to new pictures on the VP task, but not to attentional bias assessed on the Smoking Stroop task, or self-report measures of attentional bias. Second, AR (vs. control) did not reduce craving. Third, AR, but not control training, significantly reduced the number of cigarettes smoked over time when assessed on the PDA. There was no effect of AR on self-reported cigarettes smoked in the smoking diary or on biological measures of smoking.
As expected, there was consistent evidence that control, but not AR, participants exhibited attentional bias (attention toward smoking cues) in the field. In contrast, AR participants tended to exhibit a negative attentional bias (attention away from smoking cues, or "avoidance"), although this bias was not significantly different from zero in the field data. In contrast to a previous study (Kerst & Waters, 2014) , a Group ϫ Day interaction was not observed, indicating that the effect of AR did not get larger over time.
Another complication is that, for reasons that are not clear, neither group exhibited significant attentional bias at baseline. Speculatively, attentional bias may be less robust in the current sample because it included a mix of light and moderate-to-heavy smokers. A prior study indicated significant pretreatment bias in heavy smokers only and an effect of AR on smoking in the heavy smokers only (Elfeddali et al., 2016) . The absence of attentional bias at baseline is also inconsistent with some previous AR studies that have reported significant attentional bias at baseline (e.g., Attwood et al., 2008; Field et al., 2009; Kerst & Waters, 2014; Lopes et al., 2014) . On the other hand, two AR studies reported no significant attentional bias at baseline (Begh et al., 2015; McHugh, Murray, Hearon, Calkins, & Otto, 2010) , and no effect of AR on attentional bias (Begh et al., 2015; McHugh et al., 2010) . However, as noted by Begh and colleagues (2015) , AR may still be effective for smokers without a baseline attentional bias because AR can train smokers to focus their attention away from smoking cues. This hypothesis is supported by studies in the anxiety literature which show an effect of AR in individuals without pretreatment bias (Amir, Beard, Burns, & Bomyea, 2009; Amir, Weber, Beard, Bomyea, & Taylor, 2008) .
Moreover, significant avoidance, which may be a desired outcome (Peuker & Bizarro, 2014) , was observed at the final laboratory visit, consistent with the results of a multisession laboratory AR protocol (Lopes et al., 2014) . Not all laboratory AR studies have demonstrated avoidance in the AR group (Attwood et al., 2008; McHugh et al., 2010) . Notably, these studies involved a single session of AR, and multiple sessions may be necessary to produce avoidance. Overall, there is modest evidence that AR can produce avoidance in smokers.
The effect of AR generalized to new pictures, consistent with some (Lopes et al., 2014) but not all previous research (Field et al., 2009) . Field et al. (2009) used a single training session. It is possible that multiple training sessions are necessary for generalization to new pictures.
There was no evidence that the effect of AR generalized to other measures of attentional bias. These results are consistent with previous studies that have found no effect of AR on the modified Stroop task (Field et al., 2007; Field et al., 2009) . Although the VP and modified Stroop are both RT measures, the modified Stroop involves different cognitive processes (Mogg & Bradley, 2002) , and another type of AR intervention may be necessary to target the attentional bias assessed by this task (Fadardi & Cox, 2009) . The effect of AR may not generalize to self-reported exposure to tobacco advertisements because these stimuli were not included in the training. Obtaining pictures of the tobacco point-of-sale environment representative of participants' neighborhoods is a challenge but may be necessary to obtain an effect. Additional training may also be required to observe transfer effects.
AR did not reduce craving. For cued craving, this finding was counter to hypothesis and different from previous findings (Kerst & Waters, 2014) . In addition, there is currently little evidence that AR reduces noncued craving in the laboratory with several studies reporting null findings (Field et al., 2009; Kerst & Waters, 2014; Lopes et al., 2014; Schoenmakers et al., 2010) .
AR had mixed effects on smoking. The AR, but not control, group reported smoking significantly fewer cigarettes over time on the PDA item. However, there was no effect of AR on biological measures of smoking or reported cigarettes smoked on the smoking diary. Furthermore, previous research has not demonstrated an effect of AR on nontreatment-seeking smokers (Kerst & Waters, 2014; Lopes et al., 2014) , suggesting that any effect of AR on smoking in nontreatment-seeking smokers is likely to be modest.
These points notwithstanding, the effect of AR may be more apparent on the PDA smoking item (vs. smoking diary) because it assesses smoking more frequently and with less opportunity for recall bias. Reported smoking in diaries is subject to biases and participant noncompliance (Stone, Shiffman, Schwartz, Broderick, & Hufford, 2002) . In addition, biological measures assess smoking primarily over the past 24 hr (carbon monoxide) or 80 -100 hr (cotinine) (Benowitz et al., 2002) , indicating that the PDA assessments in this study may have provided a more comprehensive measure of smoking during the study. Notably, the current study included more training sessions than previous studies, and more AR may be necessary to reduce smoking.
The limitations of the study were as follows. First, participant attrition could lead to subtle differences in the characteristics of the individuals in the two groups, potentially undermining the internal validity of the study. Second, the study sample was nontreatment seeking and therefore could not examine the effect of AR on smoking cessation in African American smokers seeking to quit smoking. Third, study measures did not provide data on participants' attention to smoking cues in their daily lives. Wearable technologies such as Google Glass can capture high-resolution videos, images, and head movements which may allow for the collection a participant's actual exposure to cues (Paxton, Rodriguez, & Dale, 2015) . Last, there were multiple dependent variables and no correction for multiple tests. Replication is required to bolster confidence in these findings.
In summary, this was the first study to develop and administer an AR intervention to a group of ethnic minority smokers. The study comprehensively assessed attentional bias by including cognitive measures, self-reported attentional bias, and selfreported exposure to tobacco advertisements both in the lab and field. This study suggests that multiple sessions of AR can be implemented using mobile technology to African American smokers. The clinical utility of AR requires further investigation in the form of randomized controlled trials with African American smokers wishing to quit.
